The present invention relates generally to apparatus for simulating the forces, sensations and general experi ence of operating a high performance vehicle. More particularly, the present invention relates to an appara tus which has the sophistication necessary to realisti cally simulate the experience of riding a high perfor mance motorcycle.
Description of Related Art
The operation of high performance, high speed vehi cles, such as airplanes, cars, boats and motorcycles carries with it a certain amount of risk. The risk of a crash is greatly reduced when the operator is experi enced and has received proper training. In order to receive proper training and obtain the necessary experi ence, operators of high performance vehicles must be exposed to the full range of vehicle capabilities and emergency procedures. Whenever possible, the actual high performance vehicle is preferably not used for such training due to the high cost associated with oper ating the vehicle and the increased possibility of acci dents and crashes during training. Accordingly, simula tors have been developed for many high performance vehicles which are capable of providing a realistic simu lation of the full range of vehicle capabilities.
Numerous sophisticated aircraft simulators have been developed which provide a realistic experience of fly ing high performance and transport category aircraft. The high cost of aircraft operation and disastrous nature of aircraft crashes has made the development of sophis ticated and realistic aircraft simulators a necessity. However, the sophistication found in aircraft and aero space simulators has not presently been applied to other vehicles such as motorcycles. In recent years, motorcy cles have been developed which employ highly sophis ticated drive trains and suspension systems. The result has been a drastic increase in the availability of high performance motorcycles which employ sophisticated technology. These motorcycles are capable of rapid acceleration to speeds in excess of 150 mph and have cornering capabilities which allow extremely high speed turns.
In order to make operation of the high performance motorcycle as safe as possible, it is desirable to provide thorough operator training. A thorough training pro gram should include exposure to the entire performance envelope and capabilities of the motorcycle. In order to decrease the risk of injury to the operator during such training, it would be desirable to provide a motorcycle simulator which is capable of realistically simulating the experience of riding such a high performance vehicle.
Motorcycle simulators which have been developed in the past have been relatively unsophisticated devices. The motorcycle simulators disclosed in U.S. Pat. Nos. 3, 526, 042; 3, 686, 776; 3, 964, 564; and 4, 049, 262 are exem plary of the types of devices which have been suggested as motorcycle simulators. Although these simulators are well suited for their intended purpose, they are not capable of providing a realistic simulation of the forces and movements experienced when riding a high perfor mance motorcycle.
There presently is a need to provide a motorcycle simulator which has the necessary degrees of freedom 
SUMMARY OF THE INVENTION
In accordance with the present invention, a simulator or simulation system is disclosed which provides a real istic simulation of riding a high performance motorcy cle throughout the motorcycle's performance range. This full range of motorcycle simulation is made possi ble by utilizing a simulator motion base which is capable of movement within six degrees of freedom. Movement of the simulator through six independent axis (six differ ent degrees of freedom) provides the motor-cycle rider with a realistic simulation of motorcycle riding which was not possible with previous simulators.
The motorcycle simulator in accordance with the present invention includes a support structure upon which a motorcycle mount assembly is attached. The motorcycle mount assembly is attached in such a way that the assembly can be swayed from side to side while simultaneously being surged forward or backward. The motorcycle frame, upon which the operator rides, is attached to the motorcycle assembly. Yaw means are provided for controllably pivoting the motorcycle mount assembly and frame for horizon tal rotation of the motorcycle frame. Roll means are also provided for simultaneously moving the motorcy cle frame to inclined positions on the left or right side of vertical. In addition, front fork elevator means are pro vided for controllably lowering and raising the front end of the motorcycle frame. Rear fork elevator means are also provided or controllably lowering and raising the rear end of the motorcycle frame independently of the front fork elevator means. Simultaneously raising or lowering of the front and rear elevators provides a heave effect, or vertical translation of the motorcycle frame. Operating the front and rear elevators in opposi tion to each other provides a pitch effect, or vertical rotation about the midpoint of the motorcycle frame, thereby tilting the rider forward or backward. All of the preceding movements are combined to provide six de grees of movement freedom which provides a realistic simulation of riding a high performance motorcycle.
As a feature of the present invention, various opera tor inputs are provided, such as shift controls, clutch controls, throttle controls and brake controls. These controls allow the operator to input information into a computer which is programmed to control the various ranges of motion of the simulator in response to opera tor input. The computer is also programmed to provide preprogrammed control of motorcycle movement. The six degrees of movement freedom are controlled by actuator/encoder devices which include position feed back to a computer. The computer also receives input from the various operator input devices described above. The computer is programmed to receive and compare these inputs with a motorcycle simulation program and then input instructions to the simulator with regards to the movement and positioning.
As one feature of the present invention, means are provided for controllably blowing air past the motorcy cle frame at selected wind velocities to thereby enhance the motorcycle riding experience. In addition, video display means are provided for presenting a visual rep resentation which displays a view that is computer feed back controlled to simulate the motorcycle riding envi Onnent. As another feature of the present invention, a sound system is provided which is also computer feedback controlled to realistically simulate the sounds of a high performance motorcycle.
The above described and many other features and attended advantages of the present invention will be come better understood by reference to the following detailed description when taken in conjunction with the following drawings. The simulator includes a support structure 10, a motor cycle mount assembly 12 and a motorcycle frame 14. The simulator is shown mounted on a concrete slab 16; however, any suitable structural support surface may be used.
Video display means are provide by projector 18 and video display screen 20. The operation of the video display means will be described in detail below. A blower 22 is also provided as means for controllably blowing air past the motorcycle frame 14 at selected wind velocities. This aspect of the simulator will also be described later on in this specification.
Asbest shown in FIGS. 2 and 3, the support structure 10 includes surge rails 24 and 26. A surge sled 28 is The connection of bushings 76 and 78 to guide rails 70 and 72 securely attaches the frame 14 to the motorcy cle mount assembly 62 while still allowing vertical movement of the frame. The vertical movement of the frame is controlled by the actuator encoders associated with the front fork assembly 98 and rear fork assembly 100. These two assemblies and the means by which they are raised and lowered will be described in detail below. Although hydraulic raising and lowering of the front fork 124 is preferred, other types of actuator assemblies such as pneumatic or gear-driven systems may be used provided that a full range of motion is possible and extension and retraction speeds can be achieved which 50 simulate the forces experienced during riding a motor cycle. Although only one actuator encoder assembly 137 is shown, such hydraulic actuation systems can be provided for both sides of the front fork assembly.
The rear fork assembly 100 includes a rear wheel 144, 55 rear brake 146, rear axle 148 and swing arm 150. The swing arm has a rear end 152, which is attached to axle 148, a lower arm 154 and an upper arm 156. The lower arm 154 is securely attached to the motorcycle frame at 158. The attachment is by way of bushing, bearing or 60 other conventional means to allow pivoting of the lower arm 154 about the mounting point 158.
Rear fork elevator means for controllably lowering and raising the rear end of the motorcycle frame inde pendently of the front fork is provided by a hydraulic 65 actuator encoder assembly 160. The actuator encoder 160 includes a piston 162, which is hydraulically ex tended and retracted within cylinder 164 by hydraulic A pair of load sensors shown schematically in phan tom at 179 are also provided under the seat to measure the rider's weight being applied to the seat. This weight measurement is also input into the simulator computer for comparison and computation by the computer to provide operation of the various encoder actuators in accordance with the simulator program. Also, a pair of load sensors are attached to the steering head assembly 126 as shown at 191. The load sensors 191 provide infor mation to the computer regarding weight being applied by the rider to the handle steering head assembly 126. The use of load sensors to provide weight measure ments is well known.
A shift lever and feedback sensor 178 is provided for allowing the operator to simulate shifting of gears on the motorcycle. The output from shift lever feedback sensor 178 is also sent to the simulator computer wherein this information is compared with other feed back sensors from the simulator and computed as part of the simulator program. A clutch lever sensor 180 is also provided which is interconnected to the central com puter, wherein operation of clutch lever 180 properly affects the simulation program.
An actuator encoder 182 provides measurement of the position of steering head 126 and provides computer controlled actuated movement of the handle bars 136.
The steering actuator encoder 182 is a conventional position feedback device which may provide resistance to turning of the steering head 126 or may force the steering head 126 in one direction or another depending upon user input and the particular simulator program. The actuator/encoder 182 provides a means for con trolling the amount of operator force required to turn the steering head 126. provided for allowing the operator to input throttle positions to the simulator computer. The throttle is operator controlled between opened and closed posi tions with a standard electro-mechanical device being provided to measure the location of the throttle. The throttle information is input into the computer along with information on shift lever 178 positioning to thereby provide engine rpm and an overall speed for the motorcycle. This information is preferably shown on a tachometer/speedometer assembly (not shown) which is visible to the operator.
The motorcycle also includes a front brake lever 186, which is operator controlled between braking and non braking positions. Means for measuring the operator control of the front brake lever is provided by conven tional electro-mechanical devices, such as a calibrated potentiometer whose input is entered into the simulator computer, wherein the positioning of the brake lever is compared with other inputs from the simulator and computed as part of the feedback loop. A rear brake lever (usually foot operated) is also included to provide operator input of the rear brake position between brak ing and non-braking position. The footbrake is typically included on a lower portion of the frame where it is operated by the rider's foot.
Encoder actuator assemblies (not shown), may also be used to provide rotation of the wheels 118 and 144. The speed at which the wheels 118 and 144 are rotated is computer controlled and depending upon inputs from the various actuator encoder assemblies including those associated with the throttle control 184 brake controls 120 and 146, and shift lever 178.
The blower 122 is capable of simulating wind veloci ties accurately synchronized to the motorcycle's simu The helmet also preferably includes a sound system which is programmed by the computer to provide a sound track that simulates engine and road noise. The sound system can be located outside the helmet; how ever, placement of speakers inside the helmet is pre ferred to enhance the sound simulation. A sensor (not shown) may also be connected to a device worn by the rider to provide an accurate measurement of the rider's location on the simulator. The input is compared with other inputs into the computer and computed to provide instructions for hydraulic actuation of the devices through the hydrau lic lines shown.
The various linkages and mounting attachments for the projector 188, as shown in the drawings, are con ventional. Other linkage arrangements are possible pro vided that the necessary rotation and tilting of the pro jector is provided.
The computer and computer programs which are used in conjunction with the simulator can be any com puter hardware and software system which is capable of receiving operator inputs and comparing and comput ing these operator inputs to a simulator program and thereby compute the positioning and movement of the various actuators, wind system, sound system and video system. Such feedback systems and computer control are well-known with respect to aircraft simulators and the like, and are equally applicable to the present motor cycle simulator. Preferably, an input panel will be pro vided on the motorcycle frame, wherein the operator can input information regarding the type of riding expe rience desired. Further, a fail-safe switch is provided allowing the operator to shut down simulator operation at any time whereby the motion platform returns to its neutral or home position. In addition, override controls can be included to allow an instructor or other individ ual to input various commands to control operation of the actuator encoders.
Having thus described exemplary embodiments of the present invention, it should be noted by those skilled in the art that the within disclosures are exemplary only and that various other alternatives, adaptations and modifications may be made within the scope of the present invention. Accordingly, the present invention is not limited to the specific embodiments as illustrated herein, but is limited only by the following claims.
What is claimed is: 1. A motorcycle simulator which is capable of move ment with six degrees of freedom to provide an opera tor with a realistic simulation of riding a motorcycle, said simulator comprising:
a support structure having a left side, a right side, a front end and a rear end; a motorcycle mount assembly attached to said sup port structure; a motorcycle frame having a front end and a rear end and including a front fork assembly, main frame and rear fork assembly wherein said motorcycle frame is attached to said mount assembly at said main frame; sway means for controllably moving said motorcycle mount assembly between the left and right sides of said support structure; at least one front fork cylinder having a bottom end and a top end; at least one front fork piston having a lower end housed within the top end of said front fork cylin der and an upper end attached to said motorcycle frame wherein said fork piston(s) is(are) movable between a retracted position within said front fork cylinder(s) and an extended position; and means for controllably moving said front fork pis ton(s) between said retracted and extended posi tions to thereby provide lowering and raising of the front end of said motorcycle frame. 11. A motorcycle simulator according to claim 10 wherein said rear fork elevator means comprises:
at least one rear fork cylinder having a bottom end and a top; at least one rear fork piston having a lower end housed within the top end of said rear fork cylinder and an upper end attached to said motorcycle frame wherein said rear fork piston(s) is(are) mov able between a retracted position within said rear fork cylinder(s) and an extended position; and means for controllably moving said rear fork pis ton(s) between said retracted and extended posi tions to thereby provide lowering and raising of the rear end of said motorcycle frame. 12. A motorcycle simulator according to claim 10 which further includes a front axle and wherein the bottom of said front fork cylinder(s) is connected to said front axle.
13. A motorcycle simulator according to claim 11 wherein said rear fork assembly comprises a swing arm having a rear end, a lower arm extending forward from said rear end and an upper arm extending forward from said rear end and wherein said upper arm is connected to the bottom end of said rear fork cylinder(s) and said lower arm is connected to said motorcycle frame. 
